A B S T R A C T The purpose of this study was to determine whether the level of arterial pressure and degree of baroreceptor activation affect responses to stimulation of chemoreceptors. Chemoreceptors were stimulated by injecting nicotine into the common carotid artery of anesthetized and paralyzed dogs. 
INTRODUCTION
Hypotension and hypoxemia often occur together in the clinical setting, so the baroreceptors and chemoreceptors are affected simultaneously. In most studies of baroreceptor and chemoreceptor reflexes, however, the reflexes have been activated individually, and the possibility of interaction of reflexes has received little attention (2) . Previous studies of the effect of systemic hypoxia on changes in heart rate in relation to changes in arterial pressure (3) (4) (5) do not permit definite conclusions concerning a possible interaction between baroreceptor and chemoreceptor reflexes.
The purpose of this study was to examine the possibility that responses to stimulation of chemoreceptors might be affected by the level of arterial pressure. Chemoreceptors were activated by injection of nicotine into the common carotid artery (6) or by perfusing the carotid artery with hypoxic blood. The magnitude of reflex vasoconstrictor responses in the perfused gracilis muscle indicated the magnitude of the chemoreceptor reflex. Arterial pressure was lowered by bleeding the animals or raised transiently by inflating a balloon in the descending aorta.
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Further studies were undertaken to consider systematically mechanisms by which the level of arterial pressure affects the chemoreceptor reflex. First, studies were done to test the hypothesis that release of catecholamines during hypotension (7) might sensitize chemoreceptors (8, 9) and potentiate chemoreceptor responses. Second, we examined the possibility that decreases in cerebral perfusion pressure during hypotension might account for augmented responses to stimulation of chemoreceptors. Third, because changes in arterial pressure might affect the magnitude of the chemoreceptor reflex by a direct effect on chemoreceptors (10) , experiments were done in which we excluded direct effects of changes in pressure on chemoreceptors. The results will indicate that changes in baroreceptor activity modulate the chemoreceptor reflex and suggest that there is major central interaction of the baroreceptor and chemoreceptor reflex.
METHODS
Male mongrel dogs weighing 14-26 kg were anesthetized with chloralose (50 mg/kg) and urethane (500 mg/kg) and treated with decamethonium bromide (0.3 mg/kg). The animals were ventilated with room air and supplemental oxygen to maintain normal systemic arterial blood gases.
The gracilis muscle was dissected free from surrounding tissues except for the gracilis artery, vein, and nerve. The gracilis artery was cannulated and perfused at constant flow with heparinized blood, while perfusion pressure was recorded. Flow ranged from 3 to 10 ml/min. With flow constant, changes in perfusion pressure reflected changes in vascular resistance in the gracilis muscle. Systemic arterial pressure was measured in the left brachial artery.
One of the carotid artery bifurcations was exposed. A small needle was inserted into the common carotid artery for injection of nicotine bitartrate (10 and 40 Ag). The catheter was loaded with 0.1 and 0.4 ml of solution and flushed into the artery with 1.5 ml of saline within approximately 1 s. Nicotine stimulates carotid chemoreceptors and causes reflex vasoconstriction in the gracilis muscle. This response can be abolished by denervating either the carotid body or the gracilis muscle (6) , indicating that this is a neurogenic response.
A balloon catheter was inserted into a femoral artery and advanced to the descending aorta below the subclavian artery. Inflation of the balloon with about 15 ml of air obstructed or occluded the aorta, increased arterial pressure in the cephalad body by 20-40 mm Hg, and stimulated the baroreceptors. Responses to stimulation of chemoreceptors by nicotine were observed in eight dogs during elevation of arterial pressure and compared to responses obtained before and after aortic occlusion.
13 dogs were studied during hypotension. The animals were bled rapidly into a reservoir until mean arterial pressure was between 65 and 85 mm Hg and bled further to a mean arterial pressure of 40-50 mm Hg, then, all the blood which had been removed was transfused. Responses to chemoreceptor stimulation by nicotine were measured during both levels of hypotension and compared to responses obtained before and after hemorrhage. In four studies, bilateral cervical vagotomy was done to eliminate afferent impulses from aortic baroreceptors and chemoreceptors.
We also measured responses to l-norepinephrine bitartrate, 1 (Tables I and VI) . Vasoconstrictor responses to stimulation of chemoreceptors by nicotine were inhibited profoundly during elevation of arterial pressure and restored promptly af- The values reported are the maximal pressor response which, in some experiments, followed initial transient bradycardia and hypotension.
§ NS indicates that increases in arterial pressure after nicotine were not significantly different during aortic occlusion and during the control periods.
11 Variance referred to in Table VI represents comparison of responses to the two doses of nicotine observed during the period of aortic occlusion with corresponding responses during the two control periods. Vasoconstrictor responses in the muscle to intracarotid nicotine were significantly less during aortic occlusion than during the control periods before and after aortic occlusion.
ter deflation of the balloon and return of systemic arterial pressure to normal.
Effects of hypotension. Hemorrhagic hypotension increased baseline perfusion pressure in the muscle and reduced vasoconstrictor responses to the intra-arterial administration of norepinephrine (Tables II and VI) . Despite the reduced responsiveness of the gracilis muscle (as indicated by slightly -reduced responses to the neurotransmitter, norepinephrine), the vasoconstrictor and systemic pressor responses to chemoreceptor stimulation by nicotine were enhanced markedly during hypotension (Tables II and VI question of superimposition of two neural stimuli by examining responses to increasing levels of nerve stimulation (Fig. 6) . We have examined data from a previous study (15 Catecholamines may sensitize chemoreceptors to other stimuli (8) (9) (10) . We considered the possibility that release of catecholamines during hemorrhagic hypotension (7) The level of arterial pressure affects the rate of discharge of aortic chemoreceptors (10) , although this effect is small (20) . In the present studies, a direct effect of arterial pressure on aortic chemoreceptors may have contributed to potentiation of responses during hypotension and inhibition of responses during hypertension. Such an effect, however, is not the primary mechanism for alteration of the chemoreceptor reflex, because profound alterations of the reflex were still observed after denervation of aortic baro-and chemoreceptors with cervical vagotomy.
Changes in sympathetic tone have been shown to affect chemoreceptor activity (21, 22) . In our studies, changes in arterial pressure and carotid perfusion pressure still altered the chemoreceptor reflex after vagotomy; because low cervical vagotomy probably interrupts sympathetic input to the superior cervical ganglion (23) and carotid body, it appears that changes in sympathetic tone within the carotid body are -not the primary mechanism for the interaction which we have observed.
Another possible mechanism for altered responses to chemoreceptor stimulation is a change in cerebral perfusion pressure. Ischemia of the central nervous system has been reported to increase sympathetic discharge, (24) and it seemed possible that hypotension might cause cerebral ischemia and potentiate the chemoreceptor reflex. In this study, hypotension from hemorrhage augmented the chemoreceptor reflex, but systemic hypotension from elevation of the carotid sinus perfusion pressure was associated with depression of the chemoreceptor reflex. Since systemic hypotension and a fall in cerebral perfusion pressure were associated with both increases (during hemorrhage) and decreases (during perfusion of the carotids at high pressure) in the chemoreceptor reflex, the effect of arterial pressure on the chemoreceptor reflex cannot be the result primarily of changes in cerebral perfusion pressure. Further evidence for this statement is provided by the study summarized in Table III . Responses to chemoreceptor stimulation were still suppressed when carotid perfusion pressure was elevated and cerebral perfusion pressure was maintained at control levels. We conclude that changes in arterial pressure in the brain do not account for the effects observed in the present study. Of interest is a more recent study by Hainsworth and Karim (25) in which these investigators concluded that cerebral hypotension is of minor importance in vascular control unless it is associated with systemic and cerebral hypoxemia.
Another mechanism by which changes in arterial pressure might alter responses to chemoreceptor stimulation is a central interaction of the baroreceptor and chemoreceptor reflexes. This study indicates that physiologic activation of the baroreceptor reflex, by elevation of pressure in one carotid sinus, inhibits the vasoconstrictor response to activation of the contralateral carotid chemoreceptors. The findings suggest a central interaction between the baroreceptor and chemoreceptor reflexes. A study of Miura and Reis (26) provides a neurophysiologic explanation for this interaction. These investigators found that bilateral lesions of the paramedian reticular nucleus of the medulla, which serves to mediate the baroreceptor reflex, augmented systemic pressor responses to chemoreceptor stimulation. In light of the recent observation (27) that baroreceptor stimulation inhibits sympathetic nerve discharge at a spinal as well as a medullary locus, it is possible that central interaction of the baroreceptor and chemoreceptor reflexes may occur at both the brainstem and spinal levels.
We might speculate about the clinical importance of the finding that hypotension potentiates the chemoreceptor reflex. Other studies have demonstrated that stimulation of chemoreceptors produces reflex vasoconstriction in muscle and vasodilatation in the coronary bed (6, 28) . This favors redistribution of blood flow toward the coronary circulation. We speculate that potentiation of the chemoreceptor reflex during hypotension would promote this favorable redistribution of blood flow when oxygen availability is limited by hypoxemia and hypotension.
